MiniBooNE Progress Report

MOTIVATION - LSND
OVERVIEW
CIVIL LAYOUT
SCHEMATIC
BOOSTER
BEAMLINE & HORN
INTRINSIC BACKGROUND
DETECTOR
TRIGGER & TIMING
EVENTS
OSCILLATIONS
OTHER PHYSICS
SUMMARY

JUNE 6, 2003 NUFACTO3- Craig Moore FNAL



Investigating the LSND result

LSND:

» searched for v in ﬁI: beam
:
» 3.80 excess over background
800 MeV proton beam froem
LANSCE accelerator
‘ Waler target
Copper beamslop
[
+;,, LSND Detector

Vv events over background:

879224+ 610

oscillation probability:
(0.264 + 0.067 + 0.045)%
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Phys. Rev. D 64, 112007 (2001)




The LSND result:
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taking atmospheric, solar, reactor, and LSND results

together...

*one or more experiments 15 not seeing oscillations, or

» there are more than 3 neutrinos, or

= CPT is not a good symmetry, or

i

_ G. Barenboim, L. Borissov, and 1. Lykken, hep-ph/02121 16

ARMEN

(907 CL)

LSND {99% CL)
LSND {90% CL)

To check LSND, you want...

+ similar ,_q.?mq

* different systematics
* higher statistics




8 GeV Fixed Target Beamline Safety Assessment Document
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Figure 1. A schematic view of the 8 GeV Fixed Target Beamline and the MiniBooNE

detector.



MiniBooNE

target and horn | | decay region . absorber 7 _ dirt (~450 m) | detector
— e ——— ¥
primary beam = secondary beam - tertiary beam "
(protons) (mesons) (neutrinos)

primary beam

vy — Ve search

» B GeV protons from FNAL Booster |
» through MiniBooNE beamline

E: ~ 101
secondary beam MiniBooNE “LAND
- mesons produced at beryllium target B o * R o0
« magnetic horn focuses these down 50 m decay pipe
tertiary beam + different signal

. : + different backgrounds
> neutrinos from meson decay

. e e svsile ..._...
» 450 m path through dirt to detector = different systematic



Jul 2002 - Mar 2003
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Booster performance g
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* Booster has never worked this hard = MiniBooNE turn on _ : i
3 Wi
e
* steady increase 2 i
. & N
= careful tuning o) ik m
= optimizing pulse rate / pulse intensity m .w,
* hardware changes £
* need factor of ~2-3 to reach total of

10°' protons on target

* further improvements coming

+ collimator project (underway )

= large-aperture RF cavities
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energy lost per proton (W-min/proton



BOOSTER INTEGRATED INTENSITY

YEAR INTENSITY (1E19 PROTONS)
1973

1974 1.48
1975 1.95
1976 233
1977 3.00
1978 2.51
1979 325
1980 1.36
1981 2.00
1982 224
1983 00307
1984 131
1985 608
1986 152
1987 1.31
1985 437
1989 337
1990 501
1991 J25
1992 1.07
1993 971
1994 1.36
1995 1.68
1996 871
1997 1.133
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Mini-BooNE Primary Beam -
Overvig

Primary Beam Momentum- 8.9 GeV/c
Spill length 1.6 microseconds
Intensity - 5x10'? ppp Rep rate 15 Hz(5 Hz Beam) 2x107 seconds/yr
J Protons = 5 x 10°Y p/year
Invariant Emittance 20 P1 (~10 P1 at 4E12)
Beam Half Size (95%) < 3.5mm [2.0mm achieved]
Autotune and Power Supply Stability
Beam Position and Stability < Imm

Targeting Angle and Stability < 4.6 microradian

JUNE 6, 2003 NUFACTO3




FERMILAB INTENSE BEAAM

Historical Program and Present Demands

Not only protons/pulse but almost continuous beam

Oth order: Well Designed Beamlme
Measurements - Apertures
Ist order:Are you really ready for beam- R. Ducar
Are you losing beam anyhow - J. Anderson

2nd order:Can you do better on the next pulse -
T. Kobilarcik

April 12, 2002 ICFA WORKING GROUF ]



INITIAL OPERATION OF THE FERMILAB MINIBOONE
BEAMLINE*

C. Moore, I. Anderson Jr.. R. Ducar, R. Ford, T. Kobilarcik, E. Prebys, A. Russell, R. Stefanski.
FMNAL, Batavia, IL 60510, USA

1. Monroe, Columbia University, N.Y, N.Y

Abstroct

The MiniBooMNE newrino experiment is progected 1o ke
meore intensity in o single vear than was delivered during
the seventeen years of running the Fixed Targetr Program.
The experiment will requime almost continuous running
(1A pulses/hourd at full intensity (3EI2 protons per
pulscl. In order o safely handle this inlensity  various
measures have been instituted. The design of the beamline
ensures  sufficient  clearance  berween the beam  and
apertures, A MiniBooNE Beam Permit System has been
installed that is able 1w check various digial and anadogue
wformation against nominal values on a pulse by pulse
hasis. An autemared total bBeam loss moniloring system
{electronic berm) measures any beam loss between the
beginming and end of the line, An automated commection
system  CAulotune]  finds and  comects minor  beam
wandering. A description of the beamline design und
relevant instrumentation is given.

INITIAL DESIGN

The first consideration in the design of the very high
mtensily prodon beamline wias (o make the size of the
beam pipe larpe with respect o the size of the beam.
Figure 1 shows the beam envelope and the apertures along
the beamline. There were rwo major obstacles 1o
achieving this goal, First, the beamline passes undemeath
an gxisting service building. Typically, a FOD channel
is wsed 1o keep b beam tghtly focused. but in this case
the beam had to pass through 2 43 m. berm pipe.  The
second consideration was that for a tght focus, the beam
should be large in the final focus quadrupoles.  Using
clements with large aperures (8310 dipoles, LEP
trnms., and LEF gquadrupoles) ameliorated both problems.

OPTICS MEASUREMENTS AND
COMPARISON TO THEORY

Dipole measuremenis

T mwasure the gquadrupole gradients, each dipole tmm
magnet was vaned., and the change in beam position a
cach BPM was recorded, The optics program

*Operated by Universities Research  Association, Inc.
under contract number DE-ACD2-TECHO3000 with LUnited
States Department of Energy,

TREANSPORT was wed o find the quadrupale gradienrs
that gave the best fil to the duta. Figure 2 shows a
representative trajectony.
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Figure 1. Beam enveloge and aperivres. The lower beam

envelope is the one sigma and the two upper uces are the
Y5% and Y% with momenium folded in. The assumed
emmittances were M PT and a dpp of 1%, The line
indicates the total Ioss monitor coverage and the dos
indicate the loacaton of indiadual loss monitors,

Beam Profile Measurements

To measure the input latiice parameters, cach peofile
monitor was insenied into the beam, one at 3 lime o
reduce  scattening. and the beam  siee owas  ecorded



TRAMSPORT was wsed o wary the initial  beam
parameters i find the best fit to the measured profiles,
The calculated beam sizes are compared with the measured
profiles in Figure (3.
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Figure 3, Beam sizes compared 10 prediction

Dispersion Measurements

Too mcasure the dispersion, three foils of  different
thicknesses were inserted inio the beam, one at a time, at
the same location. For a given foil thickness. the energy
lows, and hence the momenium chanpe caused by the foil,
i= known. The changes in positions at the downstream
BPMs were recorded for each foil o make a direct
mcasurement of deidpipl. The measurement was modeled
im TRAMSPORT amd the comparisom  between  the

micasured datn and predicied dispersion wave 15 shown
Figure (4), with the error bars indicating the speead in
measurements foom the three fouls
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Figure 4. Dispersion measurements
Local Bumps and Target Mulss

Local bamps were developed 10 perform aperure scans
during commissioning.  Nominal beam posibions werc
defined by centering the beam in the aperures.  Position
and angle mults were developsd for largel scans, and ware
wsed in conjunction with a ) degree moniuer w center the
beam on targel.

AUTOTUNE

An automanc beamline corection program., Automune,
was developed o aid in keepang the pritan Beam on the
nominal teajeciory [1]. The procedure of the program 15 as
follows: for every tnm magnet in the beamling, the
current is changed by a small amount and the change in
position at every BPM iz messured,  The measuremenis
are used 1o solve the linear equations relating the chamge
in current to the change in position.  The rim magnens
and BPMs are chosen such that the matrix can be inverted.
Once the transfer matrx 1s found, Astotung finds the trim
currents needed to commect deviations of the beam from the
nominal trajectory.

BEAM PERMIT SYSTEM

Beam Permit Systems have long been implemented for
varous accelendors and beambnes ar Fermilab, with
inputs generally in the class of simple gofno-go st
The new MiniBooNE Beam Permit Sysiem hardware
consists of 4 supervisory  micro-comtroller  sampling
multiple analopee and digital inputs in wceord with
programmed siate logic and delays sensitive o accelerator
clocks. Limits or allowahle ranges are doamnloaded o the



micro-comiroller via the Accelermce Controls MNetwork
(ACHET). Sampled results ame comparsd o thess limits,
and our of limit inputs effect a rip of the beam permic
evsiem, thereby preventing transfer of beam wntil the
e siuation s corrected.  Up o eight differen
campling times are accommodated, with the process of
sampling, determination, and wip waking less than [
microseconds.

The Beam Permin System, cuorrently  in use,
successfully prevents beam transport when monitored
conditions are not proper, and inhibits Tepetitive tunsport
of beam when beam lesses or other conditions  are
abnormal. Monitored  quantities  include  analogus
representations of magnel power supply ramped outpuis,
sampled both before and during beam extraction fo the
MiniBooME bearmline, and all of the beamline loss
menitors {with different signal tme constaniz), which o
sampled immediately  afier beam  iranspori. There 1=
complete coverage of the beamline with long  loss
monitors and spot coverage with shor loss monitors
(shown as the dows in Figure 1), Loss monitor readings
taken duning  the dispersion meassurements  {descnbed
above) also demonstrated thar the total loss monitor rip

points are sot to & lovel comesponding o o 0025 beam
loss,

E-BERM

To minimize air and  proundwaler activation  and
sacdiaton in areas outside the overburden, a total beam loss
monitering svstem termed an Electronic Berm (E-Berm)
wis developed. The E-Berm, shown in Figure 3. consists
of two Pearson 31000 formds, assoomed  integrating
clecrromcs, a resistive wall moniior, and a comparator
madule, used in conjunction with twe torod calibration
meodules. The woroids are located at the beginning and end
of the beambine. The compamior mexdule calculates 1he
difference between the two toroids for each pulse, and for
the sum of the previcus 1en pulses.  The insmmangous
and inegrated Insses are designed to be output to the
radiation safely interlock  sysiem,  which automatically
inhibits the next beam pulse it the per-pulse losses ane
greater than 6%, or if the aversge losses e greater than
%

[n addition o the weal beamline losses, the E-Berm
checks for other abnormal conditions on ecach pulse.  The
trming of the toroad signal in the integratos gate is verified
tee be within an acceptable envelope by comparizon with
the trming signal from a nearby resistive wall monitor,
The beam-off readings of the oo toroid integrators are
alzo mensured and checked against a ressonable imerval, o
gusrd against integrator failure.  Finally, the relative
calibration of the weoids is measured for each beam pulse.
The calibration sequence consists of a senes of 10 current

pulses that are sent through a torosd calibration loop and
resxd back through an integrator,  The calibration occurs
simulianeously for both toroids, over the full dynam:
mange (OSETL o SE12 protons per pulse) of the beam
intensity. A linear regression is  performed on the
measursd and idesl values of the imegrated 1oroad outpan in
the calibration moedule. Gain and pedesial corrections are
obtained for esch torowd, amd are compared with an
acceptable range. If any of the monitored guantities o
abrormal, the system s designed o wip the radiation
safety interlock system.

Electronic Berm Block Diagram
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CONCLUSION

The beamline has worked very well. The limitation on
MiniBooMNE intensity has been Booster losses) however
up 1o 60% of the design intensity has been unsported 1o
the target with momimal Iosses wonl the final  hoen
protection collimator.  The highest contact reading before
the final focus region 15 less than W salhremdhoue, The
highest contact reading in the final focus region is 20X
milliremyhiour on the hom protecton collimator,

REFERENCES
(1] T. Kobilarcik, J. DeWVoy, C. Moore, “Automatic
Beambing comection”, This Conference



Beamline and horn

* § GeV MiniBooNE
transport line

#first beam in final conliguration:
Aug 24, 2002

= pptics understood very well

prediction

S
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o
10 __.—4
m ____ ..... .......
measurcment | ———————p= : Y
B g /
L‘. ...}..T-.-..-.-..-.-. ....,._,.... ...._...J..;..;:..._._._
e pact:d
_ { i
Ux.xx B H.m fx HH—J
| rr S W
[ vertical beam envelope
.-ﬂl.r m Al l L ._..-.l.—..l.ll._...—. .—.l.—l.—.l._. ||||||| .—I._. o N - m. A_d_ Ak _ bk L
fv - =0 by Ly} 15 LT 178
distance down beamline (m)
* Horn

—_
n

» increases neutrino flux ~7x
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170 kA |, 143 ps pulses @ 5 Hz
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has performed flawlessly, with
>20M pulses in situ
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Intrinsic v 1n the beam

* a major background for the appearance
experiment

* sources:
7t KT = uTy,
et Uy Ve

Kt | K} = mev

* tackle this background with

«  half-million .__,___ interactions in the

detector
» HARP experiment (CERN)
= E910 (Brookhaven)
= “little muon counter™

= 25 m/ 50 m decay length option

10

v Flux (arbitrary units)

v_component of flux ~(0.3%

HARP experiment at CERN



Events

nt’ background O,

e ' — yycan mimic an ¢

» escaping Y
= “asymmetric” decays

= ring overlap

o 1" events are useful calibration sources

7% candidate mass (MeV/c m“_

' candidate event
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. ¥ /NDF 4457 ¢ (42
f e Prob 047 = : i
ol \ Exp L+ & 280 * high-energy electron-like tracks
e 1 #pei g A (can check electron reconstruction)
L
W_“._ L ] 'r__
oY LT M . .W..ﬁiw
ol L™
Hr
.ﬁﬁ_ﬁh_ __ the " peak stands oul
.._ b LN =i . «
L0} P ed :._. 11 with minimal cuts
1 -—.-______.__...... rl.-...l.-_.-_ % ol 8 4
0 | q__-.._.._.r. T t et ___.r 4t " we 4 ¢
i 200 400 600 800 LOO0



v 10

Little muon counter

Blucn
spectrometel

K decays produce more wide-angle
muons than © decays

Decay Channel

LMC: off-axis (77) muon spectrometer * lemporary LMC detector (scintillator paddles):

scintillator fiber tracker » shows that data acquisition is working

clean separation of muon parentage » 53 MHz beam RF structure seen
7 Monte Carlo 69 _ ._ Data from temporary LMC detector _
2 | | 19 ne
I _. 14 ns |
i from m ; " | _ .
| ]
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_ L from K ;
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The MiniBooNE detector

signal region

" " BEEW
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*ecascssee * 800 tons of mineral oil
e 280 8-inch phototubes in signal region
(10% coverage)
; * 24() 8-inch phototubes in veto region
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Understanding the detector

aser flasks

> Ludox®-filled round flasks
* fed by optical fiber from laser
» four flasks distributed about detector

* attenuation length measurements —
whaldad T
B
n.04 |
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Laser flasks (cont'd)

+ time response of tubes (resolution, slewing, etc.)

= time resolutions from data:

1.2 ns (new tubes), 1.7 ns (old tubes)

» in agreement with benchtop measurements / tube specifications
» important for reconstruction and particle 1D

» global properties of detector/phototube time response:

probabditgg0.31 ns)

10

Timing Distribution for Laser Events (new tubes)
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Muon tracker plus scintillator cubes

+ seven enclosed cubes of scintillator in detector
volume

* tracker/cube combination provides

» muons with known pathlength
= electrons with known vertex

seinlillator cube

Michel electrons throughout detector

» plentiful source from cosmics and beam-
induced muons

» get energy scale and resolution at Michel
endpoint

» beam-on v. beam-off calibration check

= electron particle [D



candidate p

Michel electrons (cont'd)

* candidate muon and subsequent Michel electron —

+ cosmic muon lifetime in o1l

» measured: T=2.12 £ 0.05 ps
» expected: T=2.13 us (8% W capture)

10 -
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events/( 110 ns)

L e [

...-_.._.h _p_h

5000 7500 10000 12500

p candidate lifetime  (ns)

color=time size=charge



Coarse beam timing

* beam comes in spills @ 5 Hz

* cach spill: ~82 buckets separated by 19 ns

= ~1.6 us spill

* (rigger on signal from Booster; read out for

19.2 us

* no high level analysis needed to see neutrino

events over background!

* and...

Adding a few simple cuts reduces the
non-beam background to ~107,
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7 Fine beam timing

* resistive wall momitor (RWM) near target

* RWM signal discriminated, sent to

detector DACQ

* with reconstructed neutrino event, can

> determine event time (from start of spill)

= adjust for vertex
» find time to nearest RF bucket

time residual to nearest bucket

064 = 4T7E2
003066 = 00258
s 75 N o VL
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——  RWM outpul showing beam RF structure
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We can measure the Booster
bucket structure with
neutrinos in the detector.
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Neutrino events

look at these events
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The collaboration

University of Alabama
Bucknell University
University of California, Riverside
University of Cincinnati
University of Colorado
Columbia Umiversity
Embry Riddle Aeronautical University
Fermi National Accelerator Laboratory
Indiana University
Los Alamos National Laboratory
Louisiana State University
University of Michigan

Princeton University

~00 scientists

13 institutions




Returning to oscillations

backgrounds and signal (preliminary estin
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~ Other physics

V_appearance search is primary purpose, but

g

MiniBooNE can do a lot more...

.y disappearance

* Ccross sections, etc.

» coherent n° production (relevant for SuperK
sterile v limits)

» single K production

» NC elastic scattering, measurement of As

» W capture

* exotics

» (" Karmen timing anomaly
S. Case, S. Koutsoliotas, and M. L. Novak,
Phys Rev D65, 077701 (2002)

* neutring magnetic moment

» supernova watch

(C. Mauger, NUINT '01)
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SUMMARY

STEADILY TAKING DATA, ~10% of 1E21 p.o.t E
BOOSTER IMPROVEMENTS THIS SUMMER => FACTOR OF 2?
DETECTOR IS WORKING WELL

SOME PHYSICS RESULTS LATER THIS YEAR

APPEARANCE RESULTS IN 2005

LEARNING HOW TO HANDLE INTENSE BEAMS
ON OUR WAY TO SUPERBEAMS

June 6,2003 NUFACTO3



